A critical component of the treatment for anxiety disorders is the extinction of fear via repeated exposure to the feared stimulus. This process is strongly dependent on successful memory formation and consolidation. Stimulation of the vagus nerve enhances memory formation in both animals and humans. The objective of this study was to assess whether transcutaneous stimulation of the vagus nerve (tVNS) can accelerate extinction memory formation and retention in fear conditioned humans. To assess fear conditioning and subsequent fear extinction, we assessed US expectancy ratings, fear potentiated startle responses and phasic heart rate responses. We conducted a randomized controlled trial in thirty-one healthy participants. After fear conditioning participants were randomly assigned to receive tVNS or sham stimulation during the extinction phase. Retention of extinction memory was tested 24 h later. tVNS accelerated explicit fear extinction learning (US expectancy ratings), but did not lead to better retention of extinction memory 24 h later. We did not find a differential physiological conditioning response during the acquisition of fear and thus were unable to assess potential effects of tVNS on the extinction of physiological indices of fear. These findings complement recent studies that suggest vagus nerve stimulation could be a promising tool to improve memory consolidation and fear extinction.
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Introduction
Anxiety disorders are among the most prevalent mental disorders, with a point prevalence of 7.3% and a lifetime prevalence as high as 28.8% (Baxter, Scott, Vos, & Whiteford, 2013; Kessler et al., 2009) . A critical component of the treatment of anxiety disorders is the extinction of fear via repeated exposure to the feared stimulus. Although repeated exposure combined with cognitive therapy is the treatment of choice, roughly 22% of patients do not respond to this type of treatment (Stewart & Chambless, 2009 ). This may be due to the fact that patients with anxiety disorders have more difficulties forming extinction memories (Blechert, Michael, Vriends, Margraf, & Wilhelm, 2007; Duits et al., 2015; Lissek et al., 2005; Orr et al., 2000) . Understanding the neurobiological mechanisms by which full extinction of fear is achieved may improve currently available extinction-based treatments for anxiety disorders, as shown by existing augmentation strategies of exposure therapy using for example MDMA or D-cycloserine (Singewald, Schmuckermair, Whittle, Holmes, & Ressler, 2015) .
Successful extinction of conditioned behavior is strongly dependent on successful memory formation and consolidation. During extinction, a new memory is formed wherein the conditioned stimulus is re-appraised as safe. Critically, fear extinction is not a process of unlearning the conditioned memory or behavior. Instead, a new memory (so called extinction memory) has to be created and consolidated to compete with the conditioned fear memory and reduce conditioned responding (Hermans, Craske, Mineka, & Lovibond, 2006) . Patients suffering from anxiety disorders create strong fear memories, and therefore have more difficulties creating and consolidating extinction memories that can contest these fear memories (Lissek et al., 2005) .
Most neurobiological studies have focused on the role of the central nervous system in fear extinction and show that increasing central norepinephrine through the use of norepinephrine agonists improves extinction memory (e.g. Berlau & McGaugh, 2006 
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